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PRIIFACH 


This  paper  discusses  tlie  relationship  between  Total  Quality  Management  (I  QM)  nncl 
C'oncuiTcnt  Engineering  (CE),  or  Integrated  Product  Development  (IPD).  The  ideas  herein  were 
developed  over  two  years  through  my  experience  as  both  TQM  coordinator  for  the  Logistics 
Research  Division  and  lead  scientist  for  the  decision  support  systems  effort  within  the  Acquisition 
Utgistics  Branch.  During  this  time  I  had  the  pleasure  of  working  with  David  Dierolf  and  Kamn 
Richter  of  The  Institute  for  Defense  Analyses  (IDA);  their  comments  on  ilte  ideas  developed  in  this 
pajier  are  appreciated.  In  fact,  their  msearch  efforts  under  the  Formal  Methods  and  DSS  Tends 
work  unit  (2940-01-19)  fonned  the  ba.sis  for  the  IDA  Paper,  P-2.'i()6,  CnnciiiTCr.t  Fngineei  inn 
Teams,  and  the  jennt  anicle '  v.'oncuiTent  Engineering:  Total  Quality  Management  Applied  to 
!  Yoduct/lTocess  Definition”  (to  appear  in  Concurrent  Engineering,  Auerbach  Publishers).  This 
technical  paper  however  delves  much  more  deeply  into  the  philosophical  comparisons  between 
'I'QM  and  IPD.  L  is  hoped  that  readers  will  use  the  views  and  opinions  expressed  in  this  paper, 
along  witit  tlie  aforcmontioi.cd  compani<ui  work.*:,  to  case  efforts  to  im.iale  the  IPD  process. 


SUMMARY 


'I'his  paix:i  compares  the  philosophical  basics  of  Total  Quality  Management  (TQM)  and 
('onciiircnt  linginccring  (Cl'.),  or  as  rcfened  to  in  the  DoD,  Integrated  Product  Development  (IPD). 
TQM  is  a  critical  initiative  for  American  industry'  and  the  Department  of  Defense  (DoD).  American 
industry  faces  a  “crisis”  in  industrial  competitiveness  in  the  gktbiil  mtirket;  a  return  to  quality 
products  and  prtx'csses  is  seen  as  a  long-tenn  solution  to  this  crisis.  Similarly,  the  DoD  is  lacing 
its  own  ciiallenges,  such  as  declining  resources  to  meet  expanding  demands.  TQM  is  the  DoD 
initiative  in  quality  to  help  answer  the.se  and  future  challenges.  Integrated  Product  Development 
(ll’D),  is  a  component  metlKxl  under  the  TQM  umbadla  that  targets  the  design  environment.  I'iic 
IPli)  approach  provides:  (1)  better  eoordination  between  interdependent  design  activities,  (2)  better 
supiiort  and  tracking  of  prcxiuct  evolution,  and  (3)  simultaneous  coordination  of  all  puxluct  life- 
cycle  elenxnis.  A  clo.ser  examination  of  TQM  and  IPD  reveals  similarities  in  underlying 
philosophies  which  lead  to  characterizing  IPD  as  TQM  applied  to  product  design.  To  support  this 
characterization,  seven  fundamental  tenets  of  TQM  are  discussed: 

(1)  management  commitment, 

(2)  eontiruial  improvement, 

(3)  customer  satisfaction, 

(4)  teamwork, 

(.3)  work  processes, 

(())  training,  and 

(7)  people  as  the  critical  rc.source. 

luich  tenet  IS  di.scussed  and  its  IPD  applicability  is  identified. 


A  QUALITY  PHILOSOPHY 
FOR 

INTEGRATED  PRODUCT  DEVELOPMENT 


I.  INTKODDCTION 

riK'ri;  is  a  irenx'ndfHis  push,  both  within  American  industry  and  the  Departinetil  of 
nefense  (l.')t)D),  to  iin{>rove  tlie  ijiiality  of  all  goods  and  services  in  an  effon  to  improve 
industrial  competitiveness  in  an  increasingly  competitive,  international  market.  Tliis  push 
is  known  by  various  names  (Q +,  TliX,  TQ,  PIQK)  (Ropelewski,  i99()|  and  each 
particular  instance  of  ipiality  improvement  is  iink|ue  in  some  way.  1  lowcvcr,  each 
iinjirovement  initiative  shares  common  themes.  Hach  initiative  seeks  to  meet  the 
tcLimological  and  economic  challenges  of  the  nxxlern  international  marketplace  by  focusing 
on  the  luiality  of  tiie  products  produced,  the  quality  of  the  pr(x;esses  emjiloyed  to  produce 
the  prcxlucts,  and  the  quality  of  the  people  and  management  system  within  the  organization. 
Witliin  the  L)(iD,  the  quality  inqirovement  prcK'ess  i.'--  called  'I'otal  Quality  Management 
(  TQM).  Although  TQM  is  new  doctrine  for  DoD,  fonnally  adopted  in  1988  ICarlucci, 
19S8i,  iis  p'niiusophies  are  already  a  success  story.  The  most  notable  success  i.s  tlic 
emergence  of  Japan  as  ;>n  international  industrial  power. 

A  key  technology  of  IQM  is  Concurrent  Engineering  (Cli),  or  Integrated  Product 
Development  (IPD).’  IPI)  is  a  technique  whereby  system  design  defects  are  avoided  ratlier 
tlian  corrected  hitcr  in  the  design  prrKcss.  Tlie  IPD  approach  is  to  define  tlie  product 
cliamciensiics  while  defining  the  processes  by  wliieh  the  prvxiiict  will  be  manufactured  and 
supported.  Tlie  potential  of  IPD  is  tremendous.  It  empowers  the  design  organization,  and 
more  importantly  the  people  of  the  design  organization,  to  examine  all  life-cycle 
ctinsiderations  of  a  proposed  system  during  the  early  stages  of  design  while  there  is  still 
time  to  make  cost-effective  clianges  to  the  system.  In  effect,  CE  focuses  on  improving  the 
end  product  by  improving  the  prcxscss  by  which  it  is  designed  and  built.  TQM  shares  this 
same  focus. 

Tims,  ll’D  is  characterized  as  'I'QM  applied  to  the  pnxJiict  design  prcKcss.  The 
objective  of  tins  (laper  is  to  acquaint  tlie  reader  with  the  IPD  philosopliy.  Tiiis  will  be 
accoiiiplishcd  tiy  relating  the  liasic  tenets  of  IQM  to  ilie  IPD  initiative.  I’rior  to  discussing 
ill's  rclationsliio  between  TQM  and  It’D,  it  will  lx*  helpful  to  hrieily  explain  tlie  history  of 
IQM  and  ll’D. 


*  Kei'i'iiil\ ,  coiK  iirroiit  eiiiunecriiig  li.is  tveii  lelerreil  tn  as  Iiiieiualod  Prixliiei  IX-solopmcni  (II’O).  llie  two 
lei  ms  .lie  el  lei  lively  .syiioiiynious  ami  u.sc  ol  in’)  wilhiii  this  p.ijier  implies  eilliei  leriii. 
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n.  TOTAL  QUALITY  MANACJFMLM 


llic  liistory  (if  TQM  has  alroatiy  been  aptly  dcscibeci  by  various  authors.  This 
paper  will  not  analy/c  anti  synthesi/c  the  various  views  and  (ipinions  on  the  subject;  rather, 
it  will  identify  a  few  keys  points  that  will  help  to  e.stablish  our  particular  perspective  on  the 
subject. 


American  indusiiy  coliectivcly  suffered  complacency  after  World  War  II  (WWII) 
witli  respect  to  quality.  Post-WWIl  prosperity  resulting  from  consumer  markets  eager  for 
gocKis,  coupled  with  Amer  icti  having  the  only  intact  indii.stiial  ba.se,  lulled  American 
industry  into  a  false  sense  of  security.  American  products  were  then  the  best  in  the  world 
feeding  a  hungry  market.  Thus,  mtinagcrs  focused  their  concern  on  schedules  and  shon- 
tenn  profit.s,  often  at  the  expense  of  quality.  Unfortunately  they  got  away  with  this 
practice.  The  result  is  a  rnind.set,  now  prevalent  in  business  practices,  that  emphasizes 
quick  return  on  invesmient,  maximization  of  stockholder  premiums,  a  lack  of  long-term 
investment  focus,  and  a  sometimes  Tayloristic  approach  to  managcmeni  wherein 
management  is  responsible  for  everything  in  the  organization.  Meanwhile,  America’s 
competition,  most  notably  Japan,  rebuilt  after  the  war  with  a  focus  on  quality  management 
practices.  Thc.se  companies  made  the  necessary  long-tenn,  initially  low-yield,  investments 
in  manufacturing  technology  and  empowered  the  entire  design  and  priKluction  organization 
to  seek  continual  improvement.  These  companies  now  have  advanced  manufacturing 
technology.  The  result  is  that  new  prixlucts  are  often  introduced  by  American  l"!rm.s  but 
efficiently,  and  conijxuitivcly,  mamifacturcd  abroad.  American  finiis  thus  lose  market 
.share  and  the  associated  profit.s.  The  result  is  a  "crisis"  in  American  pnxluctivity  resulting 
from  intense  foreign  competition  and  loss  of  American  niarket  sl  uuc  in  various 


manufacturing  industrie.s. 

Govcrnmeiu  and  Industry  have  attacked  this  crisis  in  various  ways.  I  lighei  tariffs 
on  imports  is  one  method,  but  protectionism  does  not  help  indusliy'  in  the  long  run. 
l  aciory  automation  has  acliievcd  marginal  succe.ss,  but  often  at  substantial  financial  cost. 
New  research  and  innovations  are  another  method;  recent  indiistry'-acadcmia  le.sciuch 
consonia  is  a  promising  outgrowth  of  this  approach.  However,  the  most  promising 
method  is  to  focus  on  quality  improvemeiu.  Authors  such  as  Peters,  Juran,  Crosby,  and 
Dcming  are  telling  Amenean  indu.stry  liow  to  re-focus  their  efforts  on  quality  and  ipiality 
nianageinent  practices.  Their  message  is  clear;  accept  the  "new"  philosophy  or  American 
manufacturing  will  cease  to  Ix'  among  the  world  leaders. 
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'I'liL  DoD  has  a  vested  interest  in  tlie  health  of  Aineriean  i:idustr>'  and  its 
inanulacturing  etiitabiliiies.  'I'lie  DoD  is  tlie  larjvest  eiistoiner  of,  and  latilest  supplier  to,  tlie 
American  industrial  base  |IVrry,  19H6J,  so  much  so  tliai  it  "is  often  difficult  to  draw  a 
clear-cut  distinction  between  the  U.vS.  defense  industrial  base  and  the  U  S.  commercial 
manufacturing  economy"  1  McCormack,  1989].  In  limes  of  declining  budgets  and 
perceived  lessening  of  dcfen.se  rcciniretnents,  production  runs  for  weapon  systems  are  short 
and  very  specialized.  Austere  and  inconsistent  budgets  cause  lengthened  proeiuction  nms 
of  less  than  optimal  output  cfticiency.  This  burden  is  placed  on  manufacturing  facilities 
that  are  es.sentially  specific  to  a  preuiuct.  Our  lack  of  lr>ng-tcnn  investment  in 
manufacturing  technology  means  that  today  we  still  (for  the  most  part)  work  with  a  194().s 
mindset  of  long-running,  high-yield,  single-product  pi'oduction  lines.  But  the  DoD 
continually  loses  the  errst  savings  of  mass  production. 

Another  reason  for  UoD  interest  in  the  American  industrial  ba.se  is  that  "the  ability 
of  our  miliiaty  t  orecs  tt'  meet  our  national  security  objectives  is,  in  large  measui-e,  a 
function  of  the  strength  and  vitality  ot  U.S.  Industry"  |Siricklatid,  1988].  Tlie  DoD  war 
machine  is  (Uily  as  strong  as  the  ability  of  the  American  industrial  base  to  sujrpoil  surge 
prtxliietion  irr  meet  wartime  detnaiids,  particularly  in  the  highly  sivci.ili/cd  secio.rs  of 
iiuliisiiy  the  DoD  ndics  on.  insuftleicnt  facurries.  lack  of  modern  equii'inent  in  tt:e  existing 
fticiories,  tot)  few  nexible  manufacturing  plants,  and  foreign-owned  American  factories 
po.se  thivats  to  national  security.  To  adequately  meet  defense  procurement  needs,  the 
American  'n.uiuu.cturing  >.  nvirouiiicut  must  be  ficxiblc  enough  to  effectively  and  efficiently 
prtrduee  weapon  systems  in  itie  required  small  lots. 

TQM  is  a  "strategy  for  itiiproviiig  the  quality  of  DoD  processes  and  pnxiuets  and 
achieving  substantial  reductions  in  the  cost  of  ownership  thrtuighout  the  systems'  life 
cycle”  jStrickland,  1988].  '1  luis,  TOM  is  inore  i.han  an  attempt  by  DviD  iv'  iiiij.iovv,  tliv., 
American  industrial  posture;  it  also  frxuses  on  impiuving  DoD  internal  poxiuets  and 
proces.ses.  Declining  budgets,  foice  reductions,  and  increasing  external  scrutiny  are  but  a 
few  teasons  for  DoD  to  internalize  the  TQM  philosophies.  In  the  future,  the  DoD  (in 
pat  lieulai  DoD  Aeiiuisition),  must  do  more  with  fewer  resoiin  es.  This  challenge  requires 
impiiived  jirtHluctivity  which  is  a.n  end  product  of  coniimious  pr-.x'css  nnprovcmeni  and  a 
basic  tenet  of  TQM.  In  1988,  Robeit  Co.stello,  Undcr.seeretary  of  Defen.se  for  Acquisition, 
stated,  "J  am  making  TQM  success  my  primary'  objective"  [Costello,  1988].  Initiatives 
sui'h  as  acijuisition  steainliniiig,  statistical  procc.ss  cv)nirol,  value  engineering,  and 
wanaiitics  arc  now  under  the  TQM  umbrella  due  to  their  inijiact  on  quality  in  tlie  acqui.silion 
aivna.  By  extiminiiig  Di'D  actinisilion  turtlier,  we  can  cl.ilHiraic  on  tlie  TQM  acquisition 
goafs  o(  internal  quality  of  processes  and  external  quality  of  products. 
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Intcnnil  quality  implies  clTicicni  jiiocesscs  and  ojvn  eoiiiinimieatinii  channels  to 
enhance  how  the  jiets  the  job  done.  It  moans  empowering  personnel  to  become  more 
elTectivc  and  et  iicient.  Internal  quality  is  necessitated  by  a  decivase  in  available  re.sources. 
The  basic  puipose  of  TQM  is  not  necessarily  to  eliminate  jobs  and  functions.  However, 
during  mandated  reductions,  TQM  provides  a  means  to  objectively  accomplish  the  task. 

The  resulting  organizational  environment  is  characterized  by  less  non-valuc-added  work, 
quick  and  efficient  job  pnx:esses,  and  higher  quality  output.  In  acquisition  this  means 
fewer  a-porting  channels,  fewer  levels  of  awiew,  and  a  streamlined  prcHtiircmcni  process. 
TQM  makes  better  u.se  of  personnel  resources,  ensures  less  redundancy  of  effort,  and 
promotes  smaner  business  practices  in  the  execution  of  acquisition  programs. 

Improving  the  quality  of  e.sternal  prtKlucts  means  improving  the  products  (e.g., 
contract  proposals  and  specifications)  the  DoD  acquisition  community  jirovides  to  industry, 
a  DoD  customer.  The  Dol^  must  com*ctly  define  the  systems  required  to  provide  necessary 
combat  capability.  These  def  nitional  efforts  must  integrate  the  user  aijiiircments, 
engineering  design  and  design  support  charactciistics,  manufacturing  concerns,  and 
logistics  support  attributes.  The  end  msult  is  a  product  which  allows  industry  to  return  a 
quality  weapon  sy  stem  or  equipment.  Thus,  quality  is  “confonnance  to  correctly  def  ned 
requirements  suiisfying  customer  needs”  [Strickland,  19SS),  and  that  cusioinei  need  is 
combat  capability. 


III.  IMTDfJRATtn  PRODUCT  DKV ECOPMKNT 

As  a  result  of  tlie  198S  Institute  for  Defense  Analy.scs  (IDA)  mpoil,  ■‘The  Role  of 
Concurrent  fngineering  in  Weapon  System  Acqiii.sition,”  CD  was  formally  adopted  as  DoD 
and  TQM  diK  trine.  The  accepted  dcfuiiion  of  CD  is; 

...  a  systematic  apiiroach  to  tl.c  integrated,  concurrent  design  of 
products  and  their  related  processes,  including  manufacture  and 
support.  This  approach  is  intended  to  cause  the  developers  from  the 
outset  to  consider  all  elements  of  the  product  life  cycle  from 
concept  ion  through  disposal,  iticluding  quality,  cost,  schedule,  atid 
user  lequiivtiietits  |  Winnei  et  al..  I'lSS). 

A  CD  approach  (hcreafer  referred  to  as  IPD)  to  design  requires  increased 
teamwork,  panicul  niy  between  engineering  and  manuficturing  activtties.  In  fact,  “as 
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pnictii  cel  iM  Japan,  Iconciurcnt  design]  is  a  group  jiroccss  where  incnibers  ol  tlie  group 
rc|)reseni  iiitcresis  spanning  the  life  cyele  of  the  product"  |  TA'I',  I'JXHj.  'I'liis  teamwork 
;ip.|iioach  is  new  to  some  American  industries.  One  might  argue  to  tlie  contrary,  citing  t]ie 
"tiger  team”  concejn  as  a  prime  example  of  teamwork  in  U.S.  Itidiistry.  However,  in 
getieral,  tiesigti  has  tiot  been  accompli.shed  using  die  imiltifunciional  team  advocated  by 
Il’H  and  employed  in  japan.  One  charactcrizatio'i  of  American  design  is  a  design 
organi/ation  of  separate  functional  offices  that  pass  pea  tial  designs  “over-tlie-wall”  to  the 
next  office  in  the  design  sequence.  Communication  among  designers  is  very  fomial  and 
inter-departmental.  A  group  only  sees  the  design  wdien  the  preceding  group  is  finished 
with  its  portion  of  the  design.  ll’D  removes  these  walls  and  requires  continual  interaction 
between  leatns.  Sueh  team  efforts  work  in  IPO  and  arc  the  cornerstone  of  TQM.  The 
teamwork  cnnce|'t  is  .successful  liccau.se  it  empowers  the  people  to  make  the  necessaiy' 
changes  to  meet  the  ciiallenges  facing  the  organization.  Taken  together,  the  initiatives  share 
three  goals,  as  set  forth  by  Di  Co.stello  (Costello,  ld89hj  namely:  (1 )  incrca.scd  quality  of 
weapon  systems,  (2)  reduced  cost  (procurement  and  life -cycle  cost),  and  (3)  reduced 
development  time. 

Hsscntially.  liM)  is  a  philo.sophy  of  pnxluct  design  w-hieh  enipluisizes: 

(1 )  coordination  between  interdependent  design  activities,  t.2)  better  siip]K)n  and  tracking 
of  proeluci  evolution,  and  (3)  simultaneous  consideration  of  all  prixJuct  life-cycle  elements. 
It  is  a  b.isic  systems  et.  ’ineering  (MIl.-STD  499)  approach  to  design:  bring  the  affected 
j), lilies  into  the  design  p'oecss  early,  resolve  life-cycle  design  issues  early,  and  save  money 
over  the  product  life  cycle  w  hile  reducing  de.sign  lime  through  fewer  changes  later  in  the 
[irograni  (when  sucli  changes  affect  fonnally  established  program  baselines). 

IV.  TENETS  or  TQM 

The  key  ehiuaclerisiics  of  TQM  Viuy  from  author  to  author  and  e.xpert  to  exjx;n. 
Deniing’s  14  points  for  managemeiii  (Deming,  19S{)|  and  Juran’s 'I'rilogy  (Juran,  1989J 
are  two  w'cll  knowui  tenets,  ('liaracterisiics  of  quality  are  provided  by  Tuttle  [Tuttle,  1989], 
Sirickiand  IStrieklaiid,  1988],  or  any  of  the  variety  of  consulting  finiis  that  provide  TQM 
iraiiiing,  facilitation,  or  coiisuliatioii  support.  The  following  key  cluuacterisiics  apply  to 
hotli  TQM  and  IPD: 

•  management  coininiimeiit, 

•  cominual  impri'vemL-iii, 

•  customer  satisfaction. 


•  tcatiiwdik, 

•  f(\'US  (111  \V(llk  pKKCSSCS, 

•  traiiiiiip.  and 

•  pciipln  as  tin.'  critical  rosouivc. 

Mdna^'cmcnt  ConimilnKMii 


Dr.  W.li.  l^cniint;  and  Dr.  J.  Jnran  IhhIi  ctiipliasi/c  the  ciiicia!  role  ot  iiianagenient 
in  successful  iiuality  iniprovcmont  elTotis.  Management  must  create  and  foster  an 
organizational  climate  for'I'QM  in  which  people  can  Rvus  on  quality  and  the  continiK'us 
iniprovemcnt  of  pmducts  and  prcx'csscs.  Managers  must  iK'come  coaches  and  provide 
workers  the  requisiic  tools  to  accomplish  their  assigned  jobs.  Management  scK  the 
stiategic  vision  and  gtvils  for  the  organi/;ition  so  that  the  entire  organi/.tiiion,  down  i(i  cttch 
individual  worker,  can  relate  their  daily  etfoiis  to  the  organizational  mission  These 
defined  goals  are  not  a  method  of  Management  by  Objectives  involving  quotti  systems,  nor 
an  tipproach  in  whicl;  mtinagetneni  dennes  and  assigns  the  work  tasks  within  the 
organization.  Rather  management’s  goals  for  the  organization  provide  the  "constancy  of 
piiqicisc’'  IDs  I  nil  ig,  1  'kSnj  foi  ihf  oigani/ation;  I’ne  organization’s  commitment  to  stay  in 
business  for  the  long  run  ;ind  for  the  wellaiv  of  all  involved.  Setting  siicli  lofty  goal.'^  is  a 
challenge  that  reeiiiiivs  a  very  rettl  commitment  to  the  strategic  planning  and  quality 
improvement  process.  T  his  commitment  requims  cultuia!  change  on  tlie  part  of 
management  and  this  cultural  change  is  (xie  ('f  the  biggest  chailenges  facing  the  TQM 
iniliatise. 

IPD  can  be  classified  as  a  grassOKits  approach  to  systems  engineering  because  its 
procedures  are  so  "common  sense  "  However,  in  some  cases  the  American  design 
community  has  developed  a  tradition  .somcwl  u  countei -cultural  to  Il’D.  Tor  IPD  to  work 
effectively,  there  must  be  teamwork  timong  ilie  design  team  members,  open  lines  of 
comi.ninicatuui  among  the  team  and  through  the  design  organization,  and  a  commitment  on 
the  pan  of  management  to  give  tlie  IPD  team  the  time  and  resources  necessary  for 
successful  design  elTorts.  !  lowevcr,  American  industry  has  created  funclionally  aligned, 
stovepi[x.*  design  organiztuions  characterized  by  indejicndent  specializ,cd  areas,  foniiah/ed 
communication  channels,  and  intense  managcmeiu  scntliny.  Por  IPD  to  succeed,  these 
organizations  mn.st  restmeture  and  management  must  allow  a  new  organizaiitmal  ciiliua'  to 
evolve.  Managomeiu  must  cmatc  a  climate  in  which  a  TQM  philo.sophy  and  IPD  'proacli 
to  design  can  flourish.  Management  must  set  the  gtials  for  the  system  design,  align  the 
organization  for  successfully  concunc'ntly  engineering  the  system,  and  empower  the 


individuals  involved  in  the  design  clYort  to  make  the  reqiiiied  system  design  a  reality. 
Management  must  sh.ue  their  power  with  the  individuals  of  the  organization;  this  requires  a 
strong  eommitment. 


Contiiuial  Improvcnicnt 


A  'I’QM  environment  is  characterized  by  the  philosophy,  “improve  it.”  However,  in 
design,  one  might  say,  “Best  is  the  enemy  of  gtXKi  enough.”  While  there  may  at  first  seem 
to  be  a  ct)nflict  between  TQM  and  IPD  in  regards  to  continual  tniprovement,  there  really  is 
not. 

In  an  organiiuition  committed  to  quality  and  continutil  improvement,  there  is  the 
tmilerstandir.g  that  all  proces.ses,  and  the  procedures  governing  those  processes,  can  tind 
should  he  subject  to  continual  improvement  efforts.  The  improvement  may  simply  involve 
accommodating  new  technology,  but  it  is  still  improvement.  In  a  sense,  continual 
impiovemont  is  necessary  to  keep  proce.s.ses  at  their  liighe.st  level  of  ciTiciency. 
romplacency  is  the  archenemy  of  a  continual  improvement  prtxxss  |lmai,  1986|.  The 
improvetnent  process  targets  beming's  "hidden  factory"  [Deming,  1986|  embedded  within 
every  organization.  This  hidden  factory  comprises  iiio.se  eosts  which  fail  to  show  up  on 
the  citmpany  balance  sheet.  1'he  hidden  factory  is  responsible  for  the  scrap  and  rework, 
within  the  organization,  from  the  reaccomplishment  of  ptxrrly  machined  ptirts  to  die 
restaffing  and  reprinting  of  incorrect  conespondence.  The  hidden  factory  takes  a  gotxl 
portion  of  the  operating  budget,  panieularly  when  considering  the  cost  of  an  individual  s 
time.  Idforts  to  reduce  a  1.5  percent  (of  gross  income)  hidden  factory  to  a  five  percent 
hidden  factory  incie.j.ses  profits  ten  percent  wiihoi  t  any  additional  outliiy  of  resourses.  The 
continual  improvement  culture  .simply  improves  the  processes  and  pitx;eduie.s. 

IPD  icquiies  coniimiaiiy  improving  the  proces.ses  by  which  tiie  system  i;.  designed 
,uul  manufaetnred  to  pnxiucc  better  designs  more  efficiently.  Continual  improvement  does 
tu)i  necessarily  mean  ctiiiiiiuially  improving  the  design  characteristics  and  attributes  of  the 
.sysieiii.  .Such  activity  will  never  field  systems.  The  crux  of  the  IPD  initiative  is  to 
continually  improve  the  processes  by  which  systems  are  built;  that  is,  improve  the  design 
of  tlie  ilesign  process.  The  end  result  is  improved  system  functional  pcifomiance  with 
rcduccil  ilcvclofinient  time  and  cost.  Just  as  there  is  a  hidden  factory  within  tin 
organization,  so  there  is  a  '’hidden  design  factory"  within  ihe  design  org.uiization.  Failure 
to  projicrly  consider  certain  critical  aspects  of  a  sy.stcm  design  (as  one  example)  ctui  lead  to 
costly  redesign  later  in  the  mantifticiuring  process.  Later  redesign  is  even  moie  costly  once 
ba.sclines  are  established  and  mtxtk-ups  and  prottaypes  are  dcvclopeti.  Laily  consideration 
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of  pertinent  design  issues  refleets  a  preventative  approach  to  system  design.  Finding  new 
and  improved  ways  to  reduce  t!te  hidden  design  factory  requires  an  organizational 
environment  conducive  to  change  for  improvement.  This  same  environment  incorporates 
lessons  learned  into  the  design  process  so  the  organization  can  leant  from  previous 
experiences. 

Cultural  changes  arc  an  accepted  part  of  the  TQM  effort.  A  continuous 
improvement  environment  within  design  also  requires  cultural  change.  An  environment 
that  enct'urages  a  (.juestioniiig  attitude  challenges  the  old  methods  of  design  and  examines 
potential  improvements.  It  requires  a  shift  in  attitude  so  the  design  prtKiess  uniijucly  fits  the 
system  under  design.  Such  cultural  changes  require  management  commitment  as  well  as  a 
focus  cm  the  work  processes  under  continual  improvement. 

Custotner  Satisfaction 

One  of  the  sirongcst  TQM/IPD  links  is  the  focus  on  the  customer  and  his/her 
rciiulrcments.  In  any  organization,  dissatisfied  customers  mean  loss  of  business,  loss  of 
market  share,  and  loss  of  profit.  As  iltese  los.ses  add  up,  the  business  will  ultimately  ccasc 
to  exist  (if  it  does  not  change  its  approacti).  The  customer  w-ant;;  quality  products  at  a  just 
price.  In  the  customers  eyes,  the  product  must  be  free  of  defects  and  not  promote 
dissatisfaction.  Quality  motivated  firms  develop  close  lies  to  their  customers,  MIT 
study  on  industrial  competitiveness  noted,  “the  best  practice  finns  we  observed  are 
developing  closer  tics  to  their  customers”  (Berger  et  al.,  1990]. 

In  TQM,  part  of  the  change  in  organizational  culture  that  affects  the  customer  fcKus 
is  the  recognition  of  the  tiltcmuting  roles  of  customer  and  supplier,  both  at  the  process  and 
oiganizational  level,  lit  every  process,  input  is  received  (functioning  as  a  customer)  and 
output  IS  produced;  tlus  output  ts  then  used  by  someone  ekse  (funciiOiiing  as  a  sujvpiiei). 
Understanding  this  customer-supplier  cycle  is  iinponant.  To  improve  the  quality  of  a 
process,  tlie  proccs.s  owner  must  understand  and  communicate,  his  requirements  to  his 
supplier,  l-uriher,  lie  must  understand  and  meet  fnc  requirements  tif  his  customer  when 
functioning  as  a  supplier.  I’liis  same  relationship  holds  for  organizations.  A  company 
receives  input  (raw  materials,  specifications,  task  plans)  and  produces  output  (finished 
products,  systems,  technical  publications).  I-'or  thc.se  reasons,  TQM  advocates  closer  tics 
with  suppliers  to  communicate  requirements  and  improve  the  quality  of  the  input  received 
so  as  to  improve  tlic  quality  of  the  out[)ut  produced  at  both  the  individual  pnKCss  and 
oiganizational  level.  I'his  is  a  definite  change  in  American  management  philosophy  which 
typically  advocates  the  "amis-lcngth"  approach  to  maintain  emphasis  on  competition. 
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While  not  replacing  coinpctilion,  iJiere  nuist  come  a  more  unified,  teajning  pliilosophy 
among  companies  to  promote  satisfaction  of  requirements. 

The  entire  dc.sign  proccs.s  starts  with  the  definition  of  the  customer,  or  in  the  DoD 
case,  the  opertiiional  user  requiretnents.  The  IDA  report  on  CE  states,  "CE  starts  with  tlie 
recniircmcius  generation  process...  [and  is|  characterized  by  a  focus  on  customer 
requirements"  [Winner  et  ah,  1988 j.  The  definition  of  DoD  system  requirements,  coupled 
witli  improved  design  proces.scs,  are  key  elements  in  an  IFD  design  effort.  These  elements 
strive  to  develop  systems  in  line  with  operational  u.ser  needs.  One  objective  is  to  improve 
the  tiperational  suitability^  of  the  fielded  sy.stem.  Systems  tniist  meet  the  needs  of  the  user 
while  the  dc.sign  and  acquisition  proce,s.ses  inu.st  pnxiuce  and  deliver  the  system  "in  time"  to 
ap[)Iy  the  system  to  the  required  combat  capability.  ^  'I’o  accomplish  this  task,  users  must 
he  involved  throughout  the  process,  from  defining  the  required  capability,  to  defining  the 
aciiuisition  and  developmental  requirements,  to  providing  timely  feedback  throiigriout  the 
development  and  support  process. 

The  bottom  line  for  achieving  customer  .satisfaction  in  weapon  systems  is  combat 
ca|Xtbility.  The  end  user  needs  capable  systems  and  equipment;  there  is  no  room  for  poor 
tiesigns.  Customer  sattstactnm  requires  quality  .system  (.or  prtxluct)  atttilmies  and  system 
oiicrating  chanicterisiics  that  cau.se  the  end  user  to  "want"  the  system  because  it  provides 
what  is  needed-combat  capability. 


Teaniwoik 

According  to  Juran,  the  road  to  quality  is  traveled  ptoject  by  project  [Junui,  1989.1 
atxl  each,  project  is  accorriplisited  by  a  project  team,  i'eamwork  is  imponant  lor  successful 
d'QM  implementation,  particularly  in  ivalizing  the  incTcinental  changes  from  each  project 
coiiti  iiniiing  toward  a  continual  process  iinpruveinent  environment.  ITojects  ttrise  from 
witliin  the  organiztilion  with  a  recognized  need  for  a  process  improvement  elToil.  Both 
mantigemeiu  and  the  organizational  structure  must  promote  such  teaming  activities.  No 
longer  can  Ainerican  management  dictate  all  activiiies  within  the  organization.  The 


tpi'ialiiiiial  .Siiiiabiliiy  i.s  "  t  he  iligu  i-  lu  which  a  sysiL'in  can  Ix’  placed  salislacionly  iii  llcld  use.  wuili 
i  i)ii.sidcraiii)ii  beinj:  given  to  avaikiliihiy,  conipaiahiliiy.  iraii.sportal'iliiy,  inlciopi.iabiliiy,  rcliahiliiy, 
wailinic  ii'.agc  laU's,  iiiaiiilainahjliiy,  .salcly.  liunian  laetois.  inaiuitiwer  .suppoiialuliiy,  logistic 
.siipiNiiiabili  y,  and  training  ivqiiircniciiLs, 

^1  he  ''iii-lmie"  cnnccpl  implies  delivery  ol  tin'  system  according  to  the  .igicial  .schedule  leflcciing  when  llie 
.sysiein  is  needed  by  llic  o|)eriiliuiial  u.ser. 
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American  maiuigc'irient  otlios  mast  change  to  Participative  Management,  Cross-laintional 
Management,  or  sotne  tbnn  of  these  as  the  accepted  method  of  m;inagemcnt. 

in  tlu-^e  quality  Isoed  aj'iiroaehes,  the  organizational  sinicitire  nattens.  Strict 
functional  alignments  toimd,  in  veitically  stmetered  organizations,  are  rcinovcd  and  the 
organization  Ivcumes  more  unified,  riatter organizational  structures  promote  cioss- 
functional  teamwork  to  address  issues  and  pr<>cesscs  that  impact  the  entire  org;iniz;ition. 
l.A'ss  restrictive  communication  results  from  removing  barriers  between  work  ttreas. 
F.mjiloyecs  can  work  together  to  improve  the  supplier-customer  relationships  on  the  job- 
sbcip  Ikxn.  A  .hist  in  'l  ime  inccnioi)  system  is  one  example  of  teamwork,  not  only  among 
the  companies  involved  in  supplier-customer  rclation.ships,  but  also  among  the  job-sbop 
workers  in  a  production  facility.  A  flatter  organizational  stnicture  improves  communication 
through  the  organizational  hierarchy;  management  listens  to  what  the  work  force  is  sayitig 
rather  than  telling  the  work  force  to  “listen  up”  during  one-way,  downward-directed 
communications. 

As  previously  metitioned,  IPD  rcciuires  a  team  approach  to  design.  Technology  is 
iniponaiu  to  ctficicntly  design  and  analyze  increasingly  complex  weapon  systems,  but 
teclutology  is  not  the  total  answer  to  improving  the  design  prtx'ess.  Harly  conceptual 
design  involves  many  issues,  thus  it  requires  anniltitUsciplincd  team,  pulled  from  the  entire 
organization  and  chanered  to  address  issues  impacting  the  overall  system  lifecycle.  While 
early  design  details  may  ot'tcn  preclude  detailed  decision-making  due  to  risk  and  uncenainiy 
in  the  eventual  systetn  characteristics,  issues  such  as  logistics  support,  maintainability, 
mtinpower,  personnel,  and  training  sbould  be  considered  early  to  avoid  later  conflicts  as  the 
system  design  evolves  and  the  system  cluiractcristics  become  more  defined.  This  IPn-icam 
approa  b  rei]uires  a  ])rojoci  -tc;tming  organizational  .staicture  characterized  by  open 
catmnumicatittn  among  team  members,  access  to  evolving  design  infonnation,  clear  and 
concise  reporting  channels  to  mtmagement.  and  commiimeni  to  the  project  versus 
commitment  to  the  functional  "home"  olTicc. 

The  IFl)  teaming  concept  is  extensible  locontract-sulrconirttctor  relationship  as 
org.'inizaiions  work  together  to  improve  their  product  an<l  processes.  Subconiiactois 
piiivuie  components  to  ilic  conimcior  who  integrates  the  components  to  fumi  the  .system, 
'[he  better  the  subcontractor  produces  in  tcniis  of  confomiance  to  specifications,  quality  of 
workmansliip.  and  adtiptability  to  the  integrated  system,  the  more  efficient  and  clfeciive  tin- 
iiilcgt.iiion  i.isk.  Woiking  as  .1  leani  to  cllccii'.’clv  communu  alc  the  ici|iiiiemcnis  ol  the 
system  dc\  clopinciu  jimjcct  allow.s  for  an  elliciciit  .suhcontractor-io-contractor  How  of 
proilucts.  This  in  turn  enhances  the  system  design  and  integration  pnx,ess  to  ultimately 
im|)uive  the  ijiialiiy  of  the  .syslcni,  or  equipment,  delivered  to  the  DoD  customer. 
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Work  Processes 


All  efforts  .ire  made  up  of  pnK'esses;  improving  these  processes  will  produce  better 
proilucts  atid  a  liealtliicr  organization.  Both  TQM  and  IPD  share  this  vision  and  purpose. 

Any  organization,  whether  a  maniifaciiiring  firm,  a  service  organization,  or  a 
consulting  tlnn,  accomplishes  its  mission  via  proccs.ses.  Within  the.se  processes  are  the 
hidden  factory  previously  discussed,  This  hidden  factory  costs  the  organization  money 
without  generating  income  or  adding  value  to  ilie  organization.  Reducing  the  level  of  the 
hidden  factory  by  improving  the  work  processes  increases  profits.  A  climate  of  continual 
improvement  evolves  through  a  focus  on  the  work  processes,  liach  worker  should  be 
knowlcdgcttble  in  hi,s/lier  work  process  and  those  proccs.ses  that  affect  his/her  own 
process.  This  will  provide  him/lter  the  ability  to  ask  and  address  the  question,  “Is  there  a 
hetter  way?”  Management  must  allow  workers  to  openly  (.]ue.stion  the  current  standards, 
and  lumi  teams  to  examine  and  improve  the  work  processes.  With  the  increased  emphasis 
on  improving  productivity  must  come  the  realization  that  true  increases  in  pmductivity 
result  from  improving  the  prixtesses,  not  controlling  and  managing  according  to  the 
muiihcr,s  or  oiiiput  of  the  i'"'oce.sscs.  I'urtheiTnorc,  by  improving  the  work  prtxtesses, 
nianagcinent  can  build  ncxibiliiy  into  the  organization;  tlcxibility  needed  to  cope  with  rapid 
change  caused  by  increasing  system  complexity  and  changing  technology. 

To  stime  rcsciuchers,  design  is  merely  a  pnK'css  of  making  design  decisions 
IMistrec,  1990]  and  the  purpose  of  the  design  team  and  design  project  managers  is  to 
manage  the  design  decision  process.  Project  managers  must  focus  on  the  design  process, 
not  manage  according  to  the  prtxUicis  of  the  design  effort.  Naturally,  the  design  schedule 
in  large  |xirt  dictates  management  concerns,  and  the  .schetiule  typically  fticu.ses  on  the 
products.  While  schedule  concerns  are  indeed  very  important,  IPD  requires  managers  to 
sliilt  some  emphasis  to  the  de.sign  prtxicss  and  how  schedules  siippoil  the  plaiined  design 
decision  .setiucnce. 

IPD  brings  tremendous  potential  to  the  development  process  [Winner  et  ah,  198Hj. 
Mote  knowledgeable  designers  arc  part  t)f  the  process.  Since  tiic  designers  must  addiess 
the  wide  range  of  technical  issues  pettinent  to  each  system  design.  The  de.sign  process  and 
the  de.sign  personnel  must  he  capable  of  liandling  the  'ucicasing  level  of  complexity.  This 
is  particularly  true  with  fewer  weapon  systems  under  development.  With  fewer  systems  in 
the  pipeline,  and  each  system  rctiiiiriiig  so  long  to  design,  build,  and  acquire,  tine  pitfall  to 
avoid  is  to  get  all  the  icchiiology  inserted  into  the  system.  Such  technology  can  come  front 
many  sihuccs.  for  instance,  labmatories  want  to  iiuscri  their  new,  state-oftlie-art 
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technology  into  the  system.  Ilie  design  engineers  may  wish  to  insert  technology  they  aie 
familiar  with  though  there  may  not  be  a  strong  need  for  it.  In  either  ca.se,  the  'aboratoi^ 
and  the  engineer  cause  technology  tti  drive  the  system  design  process.  1 1  reaii'y,  the 
design  prcxrcss  must  efficiently  and  effectively  design  and  build  the  rev]uested  system 
within  the  dccreascrl  development  time  promised  by  the  IPD  design  approach.  IPD  can 
reduce  development  time  througli  the  early  identification  and  re.solution  of  life-cycle 
concerns  for  the  system.  Parly  identification  and  resolution  of  problems  avoids  costly,  and 
time-consuming,  redesign  and  rework  later  in  the  effort.  Studies  indicate  up  ter  70  percent 
of  life-cycle  cost  drives  are  hxrked  into  the  system  after  just  20  percent  of  the  development 
time  has  been  expended.  This  70/20  relationship  provides  IPD  the  potential  to  reduce  cost 
and  development  time,  and  increase  quality  thmugh  an  improved  design  process, 

1  raining 

Two  of  Dr.  Deming's  Fourteen  Points  deal  with  training:  Point  6  ■  institute  training 
on  the  job,  and  Point  1 3  -  institute  a  vigorous  program  of  education  and  self-improvement 
[Schcrkenbacb,  l9SKj.  In  particular,  in  Japan’s  Kaizen  philosophy  jlmai,  1986), 
management  builds  a  quality-based  organization  tlu'ough  training  and  leadership.  Workers 
are  responsible  for  their  ptuiicular  work  process  but  they  must  be  trained  to  piopcrly 
accomplish  the  task.  Training  on  the  job  is  just  as  important  as  the  physical  tools  retjuired 
to  accomplish  the  job.  Truly  comprehensive  training  includes  instruedon  in  other  aspects 
of  the  job-floor  or  organization.  In  many  progressive  organizations,  tlie  training  progntm 
includes  job  rotation,  Tliis  not  only  provides  a  more  qualified,  robust  workforce,  it  also 
builds  unity  within  the  work  force  as  workers  gain  an  understanding  of  otlier 
tcaminembers'  duties  and  responsibilities.  Training  in  statistical  and  problem  solving  ttxils 
may  also  be  provided.  An  organizational  culture  fexTused  on  continual  improvement  needs 
per.sonncl  witli  the  requisite  skills  to  implement  the  identified  improvements.  Training  in 
problem  solving  enables  the  work  force  to  not  only  identify  improvement  opportunities,  but 
also  to  analyze  ;ind  determine  improvement  strategies  for  the  work  process.  Deming's 
Point  13  fiK'uses  on  enhancing  the  capabilities  of  the  individual.  Focused  training  is 
reipiired  for  any  job.  However,  for  the  employee  to  grow  as  an  individual  and  better 
accommcxlate  change,  he/shc  must  be  allowed  to  Icani  new  skills  that  may  or  may  not  have 
direct  application  to  his/her  immediate  tasks.  This  produces  workers  with  more  diverse 
backgrounds  who  tire  more  0{\m  to  change  and  intrre  dedicated  to  the  organiztiiion  since  the 
organization  gave  them  the  chance  to  branch  out  in  their  own  direction.  The  result  is  ti 
more  qualified  work  force. 


Tlic  siune  training  philosophy  holds  for  the  design  team  within  the'  IPD  design 
environment.  The  organization  iiuist  provide  the  liaining  to  bring  the  design  team  to  the 
appropriate  level  of  technical  proficiency.  'I'he  design  team  needs  training  to  understand  the 
basic  roles  and  functions  erf  each  member  of  the  team.  Tcchnietd  depth  is  often  not  required 
in  till  subject  areas,  but  a  curserry  knowledge  of  the  various  functional  areas  within  the 
design  effort  is  a  plus.  Design  teams  face  increasingly  complex  systems  tuid  they  must 
simultaneously  address  more  design  issues  early  in  the  design  process.  Members  of  tliis 
multidisciplined  design  team  need  improved  methodologies,  techniques,  and  antilytical 
ttxrls  to  handle  this  complex  tiecision  process.  Along  with  the  methods  and  techniques, 
members  must  have  sufficient  training  to  effectively  employ  the  tools.  A  well-rounded 
design  organization  is  more  open  to  changing  environments  and  changing  technologies.  A 
namiw  approach  to  training  prevents,  or  stifles,  adaptation  to  new  or  improved  design 
processes.  A  broad-ba.sed  training  program  which  focuses  on  individual  needs  and  desires 
is  the  best  ovci  all  training  approach. 

People  as  the  Critical  Resource 

livery  qualiiy  initiative  recognizes  that  people  are  the  most  valuable  resource  of  any 
organizitlion.  Management  alone  i.s  not  responsible  for  improving  and  guiding  an 
organization.  If  managemeiu  represents  ten  percent  of  the  organization,  90  percent  of  the 
organizational  brainpower  is  ignored.  The  alternative  organizational  approach  embraces 
continual  proee.ss  improvement  and  puts  100  percent  t)f  the  organization’s  bniinpower  to 
work  in ’proving  and  guiding  the  organization.  The  organization  empowers  its  employees 
to  identify  areas  for  improvement  and  then  work  to  aciiicve  those  improvements.  This 
focus  on  proee.ss  improvement  is  ehiuacterizcd  by  an  emphasis  on.  the  people  witiiin  Lhe 
process. 

IVtiplc  can  adapt  and  retison  ami  thus  can  handle  cliangc  and  eonqdexily.  Machines 
atid  computers  deal  with  algorithmic  rea.soning  which  requires  struetuieu  problems  defined 
by  rules  and  conditions;  reality  is  not  always  so  sunetured.  The  ability  to  infer  knowledge 
from  seemingly  di.sjoinied  pieces  of  information  is  a  human  task.  Japanese  manufacturing 
success  proves  that  tniman  workers  can  function  m  a  highly  pnxluctive  manner  [TAT, 
l9i<K|.  Ailaptive  maiuifaeluring  and  improving  the  manufacturing  prtKCss,  both  off-line 
and  t>n-!ine,  is  still  best  accomplished  by  humans.  Outside  the  manufacturing  environment, 
people  are  even  mom  important  when  dealing  with  the  unstructiiivd  decision  pr(x.'esses 
characteristic:  of  daily  0[X‘raiions. 
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The  IPD  initiative  differs  frenn  (Mlicr  design  iinpnwenicni  initiatives  in  that  it 
focuses  on  the  human  designer  in  the  design  prtKCss.  Wcapt>n  system  design  is,  and 
always  will  be,  heavily  dependent  on  computer  technology  to  handle  the  numerous  and 
higlily  complex  design  aspects,  constraints,  drawings,  and  analyses.  However,  IPD 
recognizes  that  ultimately,  tl'e  design  decision  pnx;ess  is  accomplished  by  the  members  of 
the  IPD  team.  Tltc  concept  of  a  multitiisciplined  team  collectively  addressing  life-cycle 
issues  for  the  system,  and  making  decisions  regarding  system  tradeoffs,  technologies, 
complexities,  and  attributes  stresses  the  importance  of  qualified  and  motivated  individuals 
within  the  design  team.  Management  must  provide  the  design  team: 

•  tools  to  accomplish  the  analy:ses  upon  which  to  ba.se  design  decisions, 

•  training  to  understand  the  design  process  and  the  iiiicrrelaiionships  among  the 
design  aspects, 

•  training  to  alkw  the  individuals  to  work  together  in  a  team  environment  as  well  as 
improve  the  design  pnK'Osses,  and 

•  an  organizational  environment  conducive  to  open  communication  among  the 
design  team  iiicmbets  and  up  throiiglt  the  project  management  structure. 

l^e.sign  i;:  bar.ically  a  hun'an  activity.  It  has  been  characterized  as  the  management 
of  a  sequence  of  de.sign  decisions  or  as  a  learning  prtK'ess  in  which  the  design  team, 
learning  from  each  decision,  gains  an  understanding  of  the  evolving  design.  Regardless  of 
its  chtu-acteriziUion  tlie  process  is  a  people  process. 

A  final  quote,  again  from  the  MU'  Productivity  study,  captures  the  cssense  of  this 
TQM  tenet: 


In  a  sy.stcm  based  on  mass  production  ot  standard  goods,  where 
cost  niattcrs  nu>rc  tliati  quality,  the  neglect  of  huivuin  resources  by 
companies  may  have  been  compatible  with  good  economic 
pcrfirmancc;  today  it  appears  a.s  a  major  part  of  the  U.S.’s 
Iinxluctivity  problem  incrgcr,  ct  al..  1989). 

V.  CONCLUSIONS 

This  paper  di.scussed  the  similarities  between  TQM  and  iPD,  and  characterized  IPD 
as  TQM  for  product  design.  The  similarities  arc  valid.  Both  TQM  and  IPD  require  a 
cultural  change  for  succes.sful  implementation,  but  what  is  a  cultural  change?  Once 
defined,  how  d(x;s  tlic  organization  know  when  the  culture  has  changed?  'I'he  bc;;i  mcasuie 
is  die  output.  If  the  output  indicates  organi/.'itional  health,  and  the  organizational 


pliil(isoj)liy  is  one  t)i'  coiuinual  process  improvcniciu,  docs  this  imply  succcsslul 
orgiini^ational  cultural  change?  These  arc  t)uestioiis  everyone  involved  in  TQM  or  IPD 
must  address. 

The  communication  process  within  the  11*D  team  is  critical  tor  successful  IPP 
design  efforts.  With  personnel  drawn  from  various  functional  disciplines,  speaking  die 
respective  technical  languages,  communicating  design  concepts  can  become  over¬ 
complicated  and  unwieldy.  The  communication  pr<.x;ess  must  be  open,  unimpeded  by 
lonnal  organizational  concerns.  Management  must  create  this  communication  prtx;ess  and 
allow  the  design  team  to  evolve  and  imjirove  on  it  during  the  design  process. 

TQM  promises  to  improve  an  organization,  thereby  improving  the  prcxiucis  and 
[iroccsses  it  comprises.  In  the  commercial  sector,  this  improvement  is  necessitated  by 
increasing  global  competition  and  loss  of  market  share.  In  the  DoD,  in  particular  the 
actpiisitiOM  conmuinity,  the  challenge  is  to  achieve  mom  with  less  as  well  as  help  ensure  the 
economic  health  of  the  industrial  base.  Among  the  implied  goals  of  I'QM  arc:  (1)  improved 
cjuality,  (2)  reduced  cost,  and  (.1)  shortened  schedules. 

IPD  is  a  powerful  tool  to  liclp  achieve  the  TQM  goals  for  acquisition.  Success  for 
IPD  is  predicated  on  many  of  the  same  conditions  placed  on  the  I'QM  initiative;  this  was  ilic 
motivation  for  this  paper.  Each  initiative  is  based  on  similar  tenets  characterizai  overall  by: 
management  commitment,  involvement  of  the  entire  organization,  open  channels  of 
comiminication,  and  a  philosophy  of  continual  improvement  of  products  and  processes. 

There  is  no  blueprint  for  success  in  either  initiative.  Every  organization  and  each 
iiidivitlual  witliin  it  is  unique,  thus  necessitating  unique  approaches  to  training, 
oiganiz.aiional  and  process  improvement,  teamwork  and  teambuilding,  and  shifting  the 
focus  to  quality.  Deming’s  Eoiirtcen  Points  provide  solid  philo.sophy,  but  tlicy  are  not  a 
“how  to’’  list,  Juran.’s  management  structure  for  quality  describes  liow  to  organize  ilie 
quality  improvement  effort,  but  not  iiow  to  accomplish  the  iraiisfonnaiion.  There  are  many 
consultants  offering  I  QM  services,  each  with  their  own  “canned’’  approach,  but  each 
approacli  must  still  be  tailored  to  the  target  organization. 
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